Multiply
By To obtain 
Abstract
The effects of stormwater detention basins with specified release rates are examined on the watershed scale with a Hydrological Simulation Program-FORTRAN (HSPF) continuous-simulation model. Modeling procedures for specifying release rates from detention basins with orifice and weir discharge configurations are discussed in this report. To facilitate future detention modeling as a tool for watershed management, a chart relating watershed impervious area to detention volume is presented. The report also presents a case study of the Blackberry Creek watershed in Kane County, Ill., a rapidly urbanizing area seeking to avoid future flood damages from increased urbanization, to illustrate the effects of various detention basin release rates on flood peaks and volumes and flood frequencies. The case study compares flows simulated with a 1996 land-use HSPF model to those simulated with four different 2020 projected land-use HSPF model scenarios-no detention, and detention basins with release rates of 0.08, 0.10, and 0.12 cubic feet per second per acre (ft 3 /s-acre), respectively. Results of the simulations for 15 locations, which included the downstream ends of all tributaries and various locations along the main stem, showed that a release rate of 0.10 ft
Introduction
Urbanization increases impervious surfaces in residential, commercial and industrial areas and alters the hydrologic response of a watershed to rainfall. Altered hydrologic responses include reduced interception by vegetation and reduced detention capacity due to elimination of depressional storage. Consequently, storm runoff occurs faster and can have larger peak-discharges and runoff volumes from developed areas. Runoff corresponding to short-duration rainfall appears more frequently and less water infiltrates the soil, which decreases ground-water storage capacities in developed landscapes and alters baseflows (Konrad, 2003; Bedient and Huber, 2002) . Urbanization can also impact water quality; storm runoff from urban areas may contain high concentrations of suspended solids and chemicals, such as nitrogen, phosphorus, trace elements, and organics, or oils and greases (Sherwood, 2001 ). Increases in flood-peak magnitude, floodpeak frequency, and runoff volumes, along with the resulting increases in sediment and pollutant loads, can cause more flooding, erosion, water pollution, and destruction of stream habitat.
Stormwater facilities, such as detention basins, retention basins, and infiltration areas, store storm runoff on site and reduce runoff rates from the site. Among stormwater facilities, detention or retention basins are the most widely used in practice. A detention basin temporarily stores storm runoff, and the stored storm runoff is later released downstream through a flow-control structure that regulates the rate of release. A retention basin retains a specified amount of stormwater runoff without releasing it except by means of evaporation, infiltration, emergency bypass, or pumping. Infiltration areas reduce runoff by moving water from the surface into the ground-water system through permeable soils. Devices or plants that filter or remove sediment, excess nutrients, and toxic chemicals can be installed on detention basins to enhance water-quality protection. Basins can be designed for multiple purposes and integrated into neighborhoods for open space and recreation, aesthetics, and wildlife-habitat enhancement (King County Stormwater Services, 2008) . However, a detention basin can control runoff effectively only if its total volume is not exceeded. Once flows overtop the basin, the runoff is no longer controlled and damaging downstream flows are normally assumed. Thus basin volume is the ultimate determinant of detention basin performance. The primary factors for determining the basin volume are the contributing drainage area, basin release rate, local soil, hydrological, climatologic characteristics, and time to release the stored runoff.
Runoff from a natural watershed is inherently distributed in time and space, unlike the water released from a detention basin, which enters the stream at one location. Release rate is the amount of flow that a control outlet structure is designed to pass in a given duration. The release rate varies with the type of outlet structure implemented, such as a weir or orifice. Release rates are determined by the size of the contributing watershed area and the chosen goal of the detention, either mitigation of the effects of peak-flood discharge or duration. Typical release-rate design requirements do not consider modifications to the shape of the outflow hydrographs, such as longer postdevelopment flood-peak discharge than predevelopment flood-peak discharge given the increased volume and the timing of released flow. The prolonged release may cause flooding to continue or worsen in larger drainage systems. It is challenging to design release rates that produce outflow emulating storm events that vary both in intensity and duration and extend over long periods of time but still satisfy floodpeak reduction and flow-duration requirements (King County Stormwater Services, 2008) .
The Kane County Department of Environmental and Building Management (KCDEM) developed a stormwater ordinance to manage continuing growth and to protect natural resources in Kane County (Kane County Stormwater Management, 2005) . The ordinance specifies that detention storage should be constructed in all new development areas in the county and that detention basins should have a release rate set at 0.1 cubic feet per second per acre of developed area (ft 3 /s-acre) for controlling the 100-year flood. However, uncertainty remains about the extent of protection given by this release rate on the watershed scale. The U.S. Geological Survey (USGS), in cooperation with the KCDEM, undertook this study to determine the effect of detention basin release rates on flood flows for stormwater management in the Blackberry Creek watershed in Kane County.
Purpose and Scope
The purpose of this report is to document the modeling approach used to simulate flows from detention basins with specified release rates. Modeling procedures for specifying release rates from detention basins with an orifice and weir discharge configuration are discussed. To facilitate future detention modeling as a tool for watershed management, a chart relating watershed impervious area to detention volume is presented. The report also presents a case study of the Blackberry Creek watershed in Kane County, a rapidly urbanizing area seeking to avoid future flood damages from increased urbanization, to illustrate the effects of various release rates on flood peaks and volumes, and the flood frequencies. The case study compares flows simulated with a 1996 land-use Hydrological Simulation Program-FORTRAN (HSPF) model (Bicknell and others, 2000) to those simulated with four 2020 land-use HSPF model scenarios-no detention, and detention basins with release rates of 0.08, 0.10, and 0.12 ft 3 /s-acre, respectively.
Previous Studies
A literature review on the use of detention release rates in northeastern Illinois and the implementation of release rates in other HSPF models was completed.
Release Rates in Northeastern Illinois
Communities in northeastern Illinois began adopting stormwater detention requirements in the early 1970s. Approximately 80 percent of the municipalities and counties in the region have detention requirements for new development (Dreher and others, 1989) . Local detention requirements vary widely, in terms of storage volumes, release rates, and suggested computational requirements. A brief review of the establishment of stormwater ordinances in areas of the Metropolitan Water Reclamation District of Greater Chicago (MWRD) and neighboring counties is presented to illustrate how communities in a rapidly developing region adopt detention basin and release rate ordinances. The MWRD area covers Cook County and parts of DuPage and Will Counties. More detailed information can be found in the reports prepared by Dreher and others (1989) and the Northeastern Illinois Planning Commission (NIPC) (1985) .
In 1972, MWRD began to require that stormwater detention be provided for new development (Dreher and others, 1989) . This detention ordinance called for all residential developments more than 10 acres and all commercial and industrial developments more than 5 acres to provide stormwater detention to limit postdevelopment 100-year event runoff peaks to predevelopment peak flows. The allowable postdevelopment release rate for the 100-year storm is equivalent to the predevelopment 3-year storm runoff rate based on the modified rational formula (Chow and others, 1988 ) with a maximum runoff coefficient "C" of 0.15. Given the rainfall statistics and physical characteristics of typical watersheds in northeastern Illinois, a typical maximum release rate is about 0.3 ft 3 /s-acre, and it may range from 0.2 ft 3 /s-acre to 0.5 ft 3 /s-acre. Smaller release rates are used as watershed size increases. This MWRD detention ordinance has been the basis of other detention policies in northeastern Illinois (Dreher and others, 1989) .
The NIPC (1985) examined 38 local stormwater detention requirements outside Cook County. Several ordinances eliminated the 10-acre minimum residential development size for required stormwater detention if the site impervious area exceeded 50 percent, and some ordinances required detention for all new development regardless of development size or amount of impervious area. The choice of the majority of the municipalities was to design the postdevelopment release rate for control of the 100-year event. In practice, the most widely used method of determining allowable detention release rate was the MWRD method using either a 3-year or a 2-year event. About one-third of the communities specified a fixed release rate; the rates were almost evenly divided between 0.1 and 0.12 ft 3 /s-acre.
Detention Modeling 3
The effectiveness of existing detention policies in northeastern Illinois was evaluated by NIPC (Dreher and others, 1989) . As a result, release rates for the 2-year and 100-year storm events were recommended for use in northeastern Illinois in the absence of a comprehensive stormwater management plan for a particular watershed. Price and Dreher (1991) found that the design storm methods appear to either over-or underpredict detention requirements based on different landuse assumptions. Because of the difficulty in using the design storm methods, the unit area-detention volume requirements were developed based on over 40 years of continuous hydrologic simulation (Price and Dreher, 1991; Price, 1997) as an alternative to the design storm approach for determining detention requirement and release rate. The resulting unit areadetention volumes requirements have been used in DuPage and Lake Counties to develop stormwater ordinances (Price, 1997) . Donigian and others (1997) used HSPF to investigate improvements in flood control and water quality by including various detention basin design scenarios in a study of Calabazas Creek, California. A 50-year continuous simulation was performed at an hour time step, and the routing and release of flow through detention basins were described by a set of depth-surface area-volume-discharge relations called "Ftables" in the HSPF model. The surface runoff was routed from impervious areas to detention basins, and the amount of flow released from a detention basin to a downstream stream channel was determined from the detention Ftable. Typical detention basin design information was obtained from the Santa Clara Valley Water District to develop an appropriate Ftable, and the stage, volume, surface area, and discharge relation were calculated accordingly. The first Ftable was designed for an 800-acre drainage area. Ftables for other drainage-area sizes were developed by adjusting discharge, volume, and surface-area values proportionally to the drainage area. For the Calabazas Creek watershed, the results showed that none of the detention basin scenarios had a substantial impact on mean annual flow volumes, but daily peak discharge decreased for events of 10-year recurrence interval or less. However, flow rates for less frequent (more extreme) floods changed little, and some locations showed small increases in peak-flow rates in the simulation.
Release Rates in Continuous Hydrologic Simulation

Detention Modeling
In an HSPF schematic, the inflow to a river reach (RCHRES) may consist of the flow entering the reach from an upstream reach, or flow from contributing pervious land and impervious land segments, or both. To describe outflows from a reach, an Ftable is needed that describes the relations among the outflow rates and channel-reach geometry including depth, surface area, and volume. Donigian and others (1997) suggested that the Ftable concept can be applied to outflow from a detention basin by:
1. Decreasing the outflow rates associated with the given storage volumes to simulate a flow-control structure across the channel, or 2. Increasing the channel-storage volumes associated with the given discharges to simulate creation of one or more storage pools adjacent to the channel or upstream from the discharge point.
Modifications to the outflow discharge and storage relations could be achieved by using either hypothetical or computed design based on field or proposed basin dimensions or a combination of both. Proper determination of these outflow discharge and storage relations is essential for sizing the detention basin and, therefore, also determines the how effective the detention basin is for stormwater management.
Detention Basin Volume Estimation
In a study for DuPage County, Price (1997) devised a method that uses the HSPF continuous simulation approach to estimate the sizing requirement for a 100-year detention basin with an outlet release rate of 0.1 ft 3 /s-acre from a linear slot outflow structure ( fig. 1 ). The design chart allows users to determine detention volumes based on the amount of hydraulically connected impervious area (expressed as a percentage) in the watershed. Price (1997) found that the required detentionbasin storage ranged from 0.245 to 0.554 acre-ft/acre for contributing watersheds with impervious areas ranging from 0 to 100 percent. Price (1997) first assumed a group of 100-acre hypothetical watersheds with impervious land areas ranging from 0 to 100 percent. A trial-and-error approach was developed with the following steps:
1. Determine a set of assumed (initial) detention volume-discharge relations, which will be the data for constructing Ftables, for the linear slot outlet structure, then 2. Run the HSPF model with the Ftable implemented, and simulate hourly flow at the outlet using the longterm precipitation record from water years 1 (WY) 1949 to 1993 recorded at Wheaton, Ill., as the input. 3. Generate the annual maximum time series (AMS) from the simulated outflow, and determine flood frequencies from the AMS using the Log Pearson Type III distribution with procedures outlined in Bulletin 17B (Interagency Advisory Committee on Water Data, 1982). 4. Stop the process if the 100-year discharge is equal to 0.1 ft
In the current study, an orifice-weir outlet structure was modeled. Water is released from a detention basin first through an orifice and then over a weir if the storm exceeds the design storage of the detention basin. The orifice outlet is the structure specified by Kane County (Kane County Stormwater Management, 2005) . The release rate discharge and detention storage volume relations for the linear slot and orifice outlet structures were computed for the release rate of 0.1 ft 3 /s-acre and are compared in figure 1. (Flynn and others, 2006) to estimate flood frequencies with the Bulletin 17B method. Note that the 1996 annual maximum was removed from the AMS because it is considered an outlier for the purpose of determining release rate.
The 1996 annual maximum discharge measured at Yorkville, Ill., was larger than a 500-year peak discharge. Inclusion of this data point in the release rate analysis would have biased the flood frequencies computed for other recurrence intervals.
4. Stop the process if the 100-year discharge is equal to the desired release rate; if not, then a new diameter (and therefore detention basin volume) is tested until the desired release rate is achieved.
The procedure presented above presents an estimate of the total detention basin volume needed in each subbasin. For example, the resulting detention basin storage volume for subbasins in the Blackberry Creek watershed ranged in size from approximately 3 to 810 acre-ft. The detention basins larger than 400 acre-ft were judged to be unlikely to be constructed in residential developments and were split into detention basins of 350 acre-ft or less for modeling purposes.
Multiple Release Rates
The required 100-year detention volumes (in acre-ft/acre) for an orifice-outlet structure for different amounts of impervious area and for the multiple release rates of 0.08, 0.10, and 0.12 ft 3 /s-acre are shown in figure 2. This diagram was developed to aid watershed planning for new development areas. When an orifice-outlet structure is used, approximately 0.47-0.52 acre-ft of storage per acre of impervious land is required to achieve a release rate of 0.10 ft 3 /s-acre for the 100-year storm. In addition, 0.495-0.565 acre-ft of storage per acre of impervious land was required to achieve a release rate of 0.08 ft 3 /s-acre, and 0.43-0.475 acre-ft of storage per acre of impervious land was required to achieve a release rate of 0.12 ft 3 /s-acre. The volumetric requirement for the orifice structure is usually smaller than that required by the linear slot outlet except at a very small release discharge. The intent of the linear slot structure used by Price (1997) was to derive a simplified relation. Use of an orifice-outlet structure gives a more realistic estimate of detention basin volume and, therefore, more accurate analysis in the Blackberry Creek watershed. The Price (1997) method is modified in this study to size detention basins and outlet structures as outlined below.
1. Determine an initial set of depth-surface area-storage volume-discharge relations (Ftables) with a trial orifice diameter and weir elevation. For this study, the detention basin has a general trapezoidal shape, flat bottom, and side slope of 4 to 1. The orifice is placed at the bottom of the outlet structure and the diameter is determined in the subsequent trial-and-error exercise until the desired release rate is met at the outlet. The elevation of the weir is designed to detain runoff magnitudes up to the 100-year recurrence interval before water overtops the weir, and the effective weir width is designed to release discharge at a rate . 3) . Land use in the watershed is primarily agricultural; however, in the past few decades, urban areas have been developed throughout the watershed. In 2005, the USGS-Illinois Water Science Center, in cooperation with the KCDEM, developed, calibrated, and verified an HSPF hydrologic model to investigate flood-hazards in the watershed (Soong and others, 2005 ). This hydrologic model, based on 1996 land use, was modified in this study to incorporate projected 2020 land-use changes (Price, 2003) and detention basins simulated with Ftables incorporating the release rates as previously described. 
Data
Meteorological data, geographic information system data layers for the analysis, subwatershed boundaries, and channel geometry are described in the 2005 flood-hazard study (Soong and others, 2005) . However, the current study extended the meteorological data and the simulation period through WY 2003, whereas the 2005 study used the period WY 1950 to WY 1999. In addition, the Kane County projected 2020 land-use data (Price, 2003) were used as the basis for sizing the detention basins in this study. Changes in flood frequencies resulting from these additional four years of meteorological data can be observed in the two curves in figure 4. The flood frequency streamflow values from the WY 1950 to WY 2003 simulation period are slightly lower for the smaller exceedance probabilities. The slight changes in flood frequencies are expected because estimation of recurrence intervals is improved with longer records.
After these land-use categories were incorporated in the watershed geographic information system (GIS) layer, the surface area for each land use in each subbasin ( fig. 6 ) was calculated in acres and updated in the 1996 land-use HSPF model to create the 2020 land-use HSPF model. The key differences between the 1996 and 2020 land-use models were the increase in impervious land area and the corresponding decrease in pervious land area. The total drainage areas, percentage of impervious area in 1996, and percentage of increased impervious area by 2020 for each tributary subbasin are shown in table 2 and for the Blackberry Creek main stem subbasins in table 3. Note that the largest amounts of projected development are planned for the tributary subwatersheds of Elburn Run, Prestbury Branch, East Run, and Aurora Chain-of-Lakes, and along the main stem in subbasin 236.
Methods
The land areas that were reclassified from pervious areas in the 1996 land use to impervious area in the 2020 land use were considered new development that would require detention. Detention basins with the three different release rates of 0.08, 0.10, and 0.12 ft 3 /s-acre were created in all Kane County subbasins of the Blackberry Creek watershed. A version of the model that incorporated the 2020 land use without detention basins was used as the "worst-case scenario" for comparison with the detention scenario model versions. The surface runoff from new impervious areas was routed to detention basins. The routing and release of flow through detention basins was described by using Ftables in the HSPF model as previously discussed. The amount of flow released from a detention basin to the channel was determined from the corresponding detention Ftable. The flow released from the detention basin plus the flow from the pervious and impervious surface areas were routed using the channel routing Ftable developed in the 1996 land-use HSPF model. The annual maximum series was compiled from the simulated flow time series. Design recurrence intervals flows were determined through statistical analysis of the annual maximum series.
The (fig. 6 ). Flood-peak magnitudes for 2-, 10-, 100-, and 500-year recurrence intervals from selected storm events were analyzed.
Simulation Results
Simulated flood frequencies and flood hydrographs at the outlet of each tributary (table 4) and selected locations along the main stem of Blackberry Creek in Kane County (table 5) are presented in this section. For each selected subbasin, five scenarios were simulated: the 1996 and 2020 land uses and the 2020 land uses with the three detention basin release rates of 0.08, 0.10, and 0.12 ft 3 /s-acre (figs. 7-21). The 1996 and 2020 land-use scenarios are plotted for the full range of recurrence intervals, whereas the detention basin scenarios are only plotted for the 2-through 100-year recurrence intervals. The results of the simulations for the five scenarios for one subbasin are grouped in a single illustration for a comparative evaluation. A summary table of estimated flood quantiles for the 2-, 10-, 50-, and 100-year recurrence intervals is presented in the appendix. Among the four storm runoff events selected, the July 1996 event is larger than a 100-year event, and the May 1999 event is approximately a 2-year event, according to the flood frequencies based on the 1950-2003 discharge record measured at the USGS streamflow-gaging station at Yorkville (station number 05551700).
Analysis of the flood frequencies and storm-runoff hydrographs for the five scenarios at different locations in the watershed (figs. 7-21) reveals the effectiveness of detention basins with different release rates and the effect of detention basins on downstream reaches. Some general observations from these plots include:
an increase in impervious area results in an increase
in the storm-runoff magnitudes;
2. the addition of detention basins reduces flood peaks but also prolongs the release of stored flood water, thus producing a flood hydrograph that shows a longer recession time and larger discharge magnitude;
3. although the release rate is designed to reduce the 100-year peak flow, reduction of the 2-year peak flow is also achieved for a smaller proportion of the peak; and 4. the shape of the hydrographs generated by different detention basin release rates are similar but the magnitudes and duration of recessional flows tend to vary among storm events and locations.
The hydrographs from the July 1996 event (larger than a 100-year event) and the May 1999 event (approximately a 2-year event) can be used to examine the magnitude of flood-peak discharge increases with the 2020 land uses and no detention basins ( figs. 7-21 ). The hydrographs demonstrate that projected new development occurring between 1996 and 2020 will increase flood peaks for both large and small storms. 
Tributary name
Subbasin number
Figure number
Route 38 Branch 10 7
Elburn Run 20 8
Seavey Road Run 30 9
Prestbury Branch 40 10
Lake Run 50 11
East Run 60 12
Aurora Chain-of-Lakes 70 13 Table 5 . Detention basin release-rate evaluation locations along the main stem of Blackberry Creek in Kane County, Illinois, numerical codes for the subbasin upstream from each location, and figure numbers where the simulation results are shown.
Location name Subbasin number
Figure number The storm hydrographs also can show the effect of the land-use changes on the runoff-generation characteristicsstorms that did not produce major runoff events with the 1996 land uses would produce runoff with the 2020 land uses-the June 1994 event, for example. Therefore, subbasins projected to have rapid development between 1996 and 2020 will have more frequent small flood runoffs than other subbasins even if climatic conditions are the same. Changes in the occurrences and magnitudes of small floods may contribute to the increase in flood frequencies at short recurrence intervals, such as a 2-year storm (Q 2 ). Examples of this increase can be seen in flood frequency curves for the 1996 and 2020 land uses such as those in figures 7, 8, 16, and 17.
On the watershed scale, implementing detention basins with a release rate of 0.1 ft 3 /s-acre controls the Q 100 from the 2020 land-uses level to close to the 1996 land-uses level at the Kane-Kendall county line ( fig. 21 ). At the county line, implementation of detention basins reduced simulated flood quantiles of recurrence intervals shorter than 100 years from the 2020 land-use levels even though the detention basin were designed to control the Q 100 peak flows. However, the effectiveness of detention-controlled Q 100 's for individual subbasins was shown to vary. This variation in effectiveness is due to the variation in the amount of urban development in each subbasin between the 1996 and 2020 land-use data. The detention-controlled Q 100 's are lower than the 1996 land-use levels at Route 38 Branch (subbasin 10), Elburn Run (20), Prestbury Branch (40), and Lake Run (50) (236) on the main stem. The detention-controlled Q 100 's are higher than the 1996 land-use levels at East Run (60) and Aurora Chain-of-Lakes (70) tributaries. The 0.1 ft 3 /s-acre release rate could not reduce the Q 100 's to the 1996 land-use levels at the outlet of East Run and Aurora Chain-of-Lakes tributaries. A smaller release rate, such as 0.08 ft 3 /s-acre, would be required to achieve comparable flow reduction.
Existing channel-routing characteristics are an additional consideration in evaluating the effect of detention basins at downstream locations. The Prestbury Branch, East Run, and Aurora Chain-of-Lakes tributaries have higher projected urban development by 2020 (table 2) and have existing engineered channel modifications, such as flow-through lakes, incorporated in the 1996 land-use HSPF model. Although an in-depth evaluation of the effect of the channel modifications on the downstream flow conditions is beyond the scope of this study, appreciable peak attenuation and runoff smoothing can be observed in Prestbury Branch tributary (fig. 10 ). These hydrograph characteristics result from the tributary's comparatively large storage capacity in two large lakes and from mild channel slopes. This channel storage allows the Q 100 's to be controlled to the 1996 level for this subbasin despite the projected urban development.
Subbasins along the main stem of the Blackberry Creek in the middle part of the watershed have minimal impervious area (table 3) and are primarily agriculture and pasture land uses in the 1996 land-use data. Simulated detention-controlled Q 100 's lower than the 1996 levels could indicate an overdesigned system from using an overly strict detention basin release rate. Over-and under-design of stormwater facilities such as detention basins can cause undesirable impacts to the aquatic habitat or channel stabilization, as well as flooding.
The changes in flood quantiles due to release rate controlled detention throughout the watershed are inconsistent. To illustrate this inconsistency, ratios of Q T (T denotes a specific recurrence interval) to drainage area (DA) were computed for subbasins in the Blackberry Creek watershed. The Q T /DA ratios with Q T 's simulated by the 1996 land-use HSPF model were compared to those Q T 's simulated with the 2020 land uses with 0.1 ft 3 /s-acre release rate detention basins HSPF model (table 6) . Ratios for two recurrence intervals, Q 2 and Q 100 , were analyzed. In small headwater watersheds, runoff from rainfall begins more quickly and is less attenuated because of small available storage. Therefore, Q 100 /DA ratios of small watersheds are higher (higher than 0.1 ft 3 /s-acre) than larger watersheds. Requiring a low release rate for a watershed with higher initial urban development may result in a lower postdevelopment Q 100 , such as in subbasin 240. Table 6 . Ratios of peak flow and drainage area for pre-and postdevelopment scenarios at selected locations in the Blackberry Creek watershed, Kane County, Illinois. 
Summary and Conclusions
The Kane County Department of Environmental and Building Management (KCDEM) developed a stormwater ordinance for managing continuing growth and protecting natural resources in Kane County. The ordinance specifies that detention storage should be constructed in all new development areas in the county and that detention basins should have a release rate set at 0.1 cubic feet per second per acre of developed area (ft 3 /s-acre) for controlling the 100-year flood. However, uncertainty remains about the extent of protection given by this release rate on the watershed scale. The U.S. Geological Survey (USGS), in cooperation with the KCDEM, undertook this study to determine the effect of detention basin release rates on flood flows for stormwater management in the Blackberry Creek watershed in Kane County.
The effects of stormwater detention basins with specified release rates are examined on a watershed scale with a Hydrological Simulation Program-FORTRAN (HSPF) continuoussimulation model. The outlet structure of the simulated detention basins was an orifice and a weir, and procedures for estimating the detention basin storage with a given release rate and for implementation in the HSPF models were developed and described. To facilitate future detention modeling as a tool for watershed management, a chart relating impervious area in a watershed to detention volume is presented.
A case study of the Blackberry Creek watershed in Kane County, Illinois, a rapidly urbanizing area seeking to avoid future flood damages from increased urbanization, illustrates the effects of various detention basin release rates on peak flows and volumes and flood frequencies. A detention basin was simulated in each subbasin where urban development was projected to occur between 1996 and 2020. Simulated flows based on a 1996 land-use HSPF model were compared to those based on four projected 2020 land-use HSPF model scenarios: no detention, and detention basins with release rates of 0.08, 0.10, and 0.12 ft 3 /s-acre, respectively. Flood-frequency analyses and selected flood hydrograph plots showed the effect of increased urban development and implementation of detention basins with specific release rates in the watershed. Overall, the detention basin storm runoff hydrographs show reduction in flood peaks; however, the recession limbs were prolonged with higher discharge magnitudes. The release-rate effectiveness was evaluated by whether 100-year flood-peak discharge could be maintained at or below the 1996 land-use conditions.
The results of the simulations at 15 locations, which included the downstream ends of all major tributaries and strategic locations along the main stem, showed that a detention basin release rate of 0.10 ft 3 /s-acre, in general, could maintain postdevelopment 100-year peak flows at a similar magnitude to that of 1996 land-use conditions. Although the release rate is designed to reduce the 100-year peak flow, reduction of the 2-year peak flow is also achieved for a smaller proportion of the peak. Results also showed that the 0.10 ft 3 /s-acre release rate was less effective in watersheds with relatively high percentages of preexisting (1996) development than in watersheds with less preexisting development. 
